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GEOLOGIC INVESTIGATIONS OF UNDERGROUND 
COAL MINING PROBLEMS 
by 
C. M. McCul loch, 1 P. W. Jeran, 1 and C. D. Sul l ivan2 
ABSTRACT 
A series of geological surveys were completed in six coal mines in 
connection with a Bureau of Mines research program on methane control. The 
aim of these surveys was twofold: First, to study the overall geology of the 
coalbed, and second to use the resulting data to evaluate the influence of the 
geological characteristics of the coalbed on safe and efficient coal extraction. 
This report explains the advantages of geologic maps and fence diagrams 
in coal mining, and how the knowledge gained from such geologic investigations 
of mines can help control many underground problems. 
INTRODUCTION 
In connection with a Bureau of Mines research program on methane control 
in coal mines, a series of geological surveys were completed in six mines: 
Three in the Pittsburgh coalbed and one each in the Upper Freeport, 
Pocahontas No. 3, and Lower Hartshorne coalbeds. The aim of these surveys 
was twofold: First, to study the overall geology of the coalbed area and 
second to use the resulting data to evaluate the influence of the geological 
characteristics of the coalbed on safe and efficient coal extraction. 
Such geological investigations can help to alleviate many underground 
mining problems (3).3 They can locate sand channels that may intersect and 
cut out the coal Tn advance of mining. They can determine trends of channels, 
making it possible to predict their probable course and influence on future 
mining operations. 
Clay veins can be located and their trends sometimes established. Thus, 
the high gas concentrations that frequently occur with clay veins can be 
anticipated. 
1Geologist. 
'physical science aid. 
sunderlined numbers in parentheses refer to items in the list of references 
preceding the glossary of terms. 
A d e t a i l e d  map of t h e  rock above t h e  coalbed can be used t o  determine the  
length  o f  b o l t s  needed t o  support  t h e  roof and t o  l o c a t e  competent s t r a t a  i n t o  
which t h e  b o l t s  can be anchored. Because c e r t a i n  rocks d e t e r i o r a t e  r ap id ly  
when exposed t o  a i r ,  such a  map can a l s o  help to  determine areas  where rock i s  
of t he  type i n  which experimental r e s i n  b o l t s  can be used. 
An abnormal accumulation of water  can be evaluated,  and i n  many cases 
r e l a t e d  t o  f r a c t u r i n g  of t h e  roof rock, o r  t o  a  f a u l t  zone which can a l s o  be 
respons ib le  fo r  high gas concent ra t ions .  
A d e t a i l e d  j o i n t  p a t t e r n  i n  the  a r e a  of t h e  mine can be e s t ab l i shed  and 
examined f o r  a  poss ib l e  r e l a t i o n  wi th  t h e  coa l  c l e a t  d i r e c t i o n s  andwi th  
j o i n t s  p re sen t  i n  the  roof .  Local devia t ions  i n  j o i n t  and c l e a t  d i r e c t i o n s  can 
se rve  a s  a  bas i s  f o r  modifying mining condi t ions .  The c l e a t  and j o i n t s  can 
a l s o  supply information on roof s t a b i l i t y .  Excessive s p a l l i n g  o f  r i b s  when 
mining wi th  the  c l e a t  d i r e c t i o n  can sometimes be cor rec ted  by a  45' r o t a t i o n  
of t h i s  d i r e c t i o n .  
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GEOLOGIC MINE SURVEY TECHNIQUES 
Maps of Mine Problem Areas and Their Prepara t ion  
Maps of problem a reas  wi th in  mines a r e  a  necessary  prel iminary t o  an 
underground survey. Such maps a r e  sometimes suppl ied  by t h e  company. They 
may show (1) zones of  roof f a l l ,  ( 2 )  zones of excessive s p a l l i n g  of r i b s ,  
(3) zones of channel washouts, (4) zones o f  abnormal concent ra t ions  of c l ay  
ve ins ,  and (5)  zones o f  excess ive  accumulations of water  and .gas.  Very few 
maps show c lay  ve ins ,  sandstone channels ,  and so f o r t h ,  but  many companies do 
have maps of zones of bad roof o r  a r e a s  where a  s p e c i f i c  f e a t u r e  occurs wi th  
an abnormally high frequency . 
When company maps were not  a v a i l a b l e  o r  were inadequate,  Bureau personnel  
cons t ruc ted  t h e i r  own maps. The major i ty  of a l l  maps were prepared from da ta  
taken from the  corehole logs supplied by t h e  company. The accuracy of t h e  
r e s u l t i n g  da ta  r e l a t e s  t o  t h e  accuracy of t h e  d r i l l e r ' s  log.  Coreholes should 
be spaced a t  not more than 3,000 f e e t  and when p o s s i b l e  should be d r i l l e d  on 
a  s u i t a b l e  g r i d  system. I n t e r p r e t a t i o n  of t h e  d r i l l e r ' s  logs can be a  problem, 
and i t  i s  he lp fu l  i f  the  same d r i l l e r  has logged most of t h e  holes ,  a l though 
when a number of holes  have been d r i l l e d  over  a  per iod  of yea r s ,  t h i s  may not 
be poss ib l e .  Corehole logs can be used t o  prepare  a  v a r i e t y  of maps, inc lud-  
ing  isopach maps of  given i n t e r v a l s ,  s t r u c t u r e  maps, percent  maps of rock 
u n i t s ,  l i t h o l o g i c  frequency maps, l i t h o f a c i e s  maps, and fence diagrams. The 
a n a l y s i s  of inherent  problems is  dependent upon such maps. 
Underground Surveys 
The geo log i s t s  planning an underground survey f i r s t  consul t  wi th  company 
personnel  a s  t o  t h e  s p e c i f i c  problems t h a t  may e x i s t  i n  t he  mine. Once under- 
ground, t he  geologic  f e a t u r e s  of p a r t i c u l a r  i n t e r e s t  t o  t h e  geo log i s t  himself 
a r e  (1) o r i e n t a t i o n  of coa l  c l e a t s ,  (2)  occurrence of  c l a y  v e i n s ,  (3) occur- 
rence  of f a u l t s ,  (4) sandstone-or c l a y s t o n e - f i l l e d  channels ,  (5) abnormally 
high concent ra t ions  of gas and water ,  and (6) roof f a l l s .  
Coal c l e a t  measurements a r e  used t o  determine t h e  f ace  and b u t t  o r i e n t a -  
t i o n s  of  i nd iv idua l  mines. The cumulative information i s  used f o r  c o r r e l a t i o n  
wi th  l o c a l  and r eg iona l  s t r u c t u r e  (4) .  - 
Clay ve ins  o r  sedimentary d ikes  a r e  a p a r t i c u l a r  problem i n  mining 
because they may i n t e r s e c t  s o  a s  t o  form i s o l a t e d  blocks of coa l  t h a t  may a c t  
a s  gas  c e l l s .  When a continuous miner c u t s  through such a c l a y  ve in ,  t h e  
sudden rush of methane i n t o  t h e  working a r e a  can g r e a t l y  i nc rease  t h e  f i r e  
and explosion hazard. Clay ve ins  a r e  a l s o  a r e a s  of mine roof i n s t a b i l i t y .  
I n  t h e  P i t t sbu rgh  coalbed, a t  s i t e s  where t h e r e  a r e  l a r g e  numbers of  c lay  
v e i n s ,  they appear t o  be con t ro l l ed  by s t r u c t u r e ,  but a d d i t i o n a l  evidence i s  
needed t o  confirm t h i s .  
Where sandstone channels a r e  encountered i n  mining, they must be pene- 
t r a t e d  by d r iv ing  rock tunnels  by d r i l l i n g  and b l a s t i n g .  This is  a time- 
consuming ope ra t ion  t h a t  i n t e r r u p t s  coal  product ion.  I n  p a r t i c u l a r  , t h e  
plough-type longwall miner r equ i r e s  an a r e a  r e l a t i v e l y  f r e e  of  sand channels 
and c l a y  ve ins ,  whi le  t h e  shea re r  type  may be a b l e  t o  mine through these  a reas  
without  too much t rouble .  
Fau l t s  may d i s p l a c e  a coalbed and a l s o  c r e a t e  a r eas  of abnormally high 
gas and water  accumulation. I n  many mines f a u l t s  a r e  hard t o  d e t e c t  because 
they a r e  of  t h e  s t r i k e - s l i p  type,  w i th  no v e r t i c a l o f f s e t .  Moreover, t h e c l e a t  
readings near  a f a u l t  can d i f f e r  g r e a t l y  from t h e  o v e r a l l  p a t t e r n  of  the  a rea .  
A r o t a t i o n  of  l o c a l  c l e a t  d i r e c t i o n  has  been de t ec t ed  t o  2,000 f e e t  from the 
f a u l t  i t s e l f .  
Sur face  Fieldwork 
General ly  a quick check is  a l s o  made of t h e  s u r f a c e  geologic  f e a t u r e s  
around t h e  mine. J o i n t s  i n  t h e  rocks a r e  measured fol lowing guide l ines  of  
Lahee (2) .  Surface a r e a s  d i r e c t l y  above underground problem a reas  a r e  of  
s p e c i a l i n t e r e s t .  When f a u l t s  a r e  encountered underground, t h e  t rend  is  
p l o t t e d  and i t s  expression on t h e  s u r f a c e  i s  sought.  
Documentation 
A l l  a v a i l a b l e  a e r i a l  photographs, I R  photographs, SLAR mosaics,  and photo 
index s h e e t s  of  t h e  a r e a  were examined f o r  l i n e a r s .  The S t a t e  geologica l  
LEGEND 
Shaly lime Sandy shale 








FIGURE 1. - Fence diagram of strata above the Pittsburgh coalbed, Marianna 
No. 58 mine. 
surveys were contacted f o r  any a d d i t i o n a l  information on t h e  s tudy  a r e a ,  and 
t h e  l i t e r a t u r e  was checked f o r  p e r t i n e n t  information.  
SURVEYS OF SIX MINES AND THEIR PROBLEMS 
Surveys were conducted i n  t he  fol lowing mines: Marianna No. 58 and 
Somerset No. 60,  Bethlehem Mines Corp.; Lucerne No. 6 ,  He lve t i a  Coal Mining 
Co.; Bea t r i ce ,  I s landCreek  Coal Co.; Federal  No. 2 , E a s t e r n  AssociatedCoal  Corp; 
and Howe, Howe Coal Co. Each mine presented d i f f e r e n t  s t r u c t u r a l  problems. 
Marianna No. 58 Mine 
The mine is  loca t ed  near  Ten Mile, Pa. o f f  I n t e r s t a t e  Highway 79. It 
ope ra t e s  i n  t h e  P i t t sbu rgh  coalbed. The survey,  conducted i n  September 1972, 
showed t h e  main 
d i r e c t i o n s  of  t h e  
c l e a t  t o  be ~ 6 8 W  
(face)  and N 2 8 " ~  
( b u t t )  . Mining is 
by t h e  room-and- 
p i l l a r  method, and 
aver  age methane 
emission p e r  day 
i s  2.3 MM f t3 .  
They a r e  now 
mining a t  45' t o  
t h e  c l e a t  d i r ec -  
t i o n  because of  
excess ive  s p a l l i n g  
o f  t h e  p i l l a r s  and 
some roof  c o n t r o l  
problems when 
mining p a r a l l e l  t o  
t h e  c l e a t  d i r ec -  
t i o n s ,  This  
change i n  d i r e c -  
t i o n  has g r e a t l y  
reduced t h e  amount 
o f  s p a l l i n g  and 
has caused no slow- 
down i n  mining. 
A pane l  ( s ee  
g los sa ry )  o r  fence  
diagram ( f ig .  1) 
and a s t r u c t u r e  
map ( f i g .  2) of  
t h e  p rope r ty  were 
prepared. A 
topographic map 
was overlayed on 
FIGURE 2. - Structure drawn on base of the Pittsburgh coalbed, t h e  mine map t o  
Marianna No. 58 mine. c o r r e l a t e  t h e  
topography wer the  mine wi th  problems encountered underground. A number of 
f a l l s  seem t o  a l i n e  with and occur under streams i n  the  area .  Because most 
streams form along zones o f w e a k n e s s , i t  was f e l t  t h a t  t h i s  zone p a r a l l e l  t o  
the  stream would be a problem whenever i t  was encountered ( f i g .  3) .  Research 
cur ren t ly  underway fu r the r  supports  t h i s  idea.  Another zone of f a l l s  
a s soc ia ted  with abnormally high gas emissions was found where the  cover 
changed abruptly from 300 t o  700 f e e t .  This was a t t r i b u t e d  t e n t a t i v e l y  t o  
d i f f e r e n t i a l  overburden pressures.  
The major problem throughout the  mine was the  wild coal  i n t e r v a l  formed 
by a l t e r n a t i n g  t h i n  bands of claystone and coal  t h a t  overlay the coal .  The 
i n t e r v a l  ranged i n  thickness from 1 t o  9 f e e t  and could not  support i t s e l f .  
The company was using roof b o l t s  with a minimum length of 6 f e e t  and a 
s tandard length of 7 f e e t ;  t hese  were adequate where the  wild coal  was l e s s  
than 6 f e e t  th ick .  An isopach map of the  wild coal  i n t e r v a l  ( f ig .  4) showed 
where t h i s  u n i t  i s  g rea te r  than 6 f e e t  th ick ;  longer roof b o l t s  would be 
needed i n  these a reas .  
A sec t ion  a f fec ted  by c l a y  veins was c a r e f u l l y  mapped. Comparison with 
a s t r u c t u r e  map of the  a r e a  revealed the  presence of a syncl ine  with the  c l a y  
veins located along i t s  a x i s  ( f i g .  5).  A s  some of the  mine e n t r i e s  had 
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FIGURE 3. - Overlay of mine streams on 
surface related to under- 
ground falls. 
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FIGURE 4. - lsopach of the wild coal in- 
terval over the Pittsburgh 
coalbed in the Marianna 
No. 58 mine. 
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FIGURE 5. - Location of clay veins in the Marianna N* 58 mine. 
already passed through the axis and were now encountering few clay veins, it 
was anticipated that when mining approached the axis of this syncline the 
occurrence of clay veins would increase. 
Joints were measured on the surface (fig. 6) to evaluate correlations 
between the principal fracture directions underground and those on the 
surface. Correlation was excellent. 
Lucerne No. 6 Mine 
The mine is located approximately 2 miles southwest of Homer City, Pa., 
and operates in the Upper Preeport coalbed. A geological survey was conducted 
1 i n  March 1972. Cleat  meas- 
joint direction 
urements showed a uniform 
p a t t e r n  with the  face  c l e a t  
s t r i k i n g  N56"W and the  b u t t  
c l e a t  N32"E. The d ip  was 
e s s e n t i a l l y  v e r t i c a l ;  The 
spacing of the  face  c l e a t ,  
on the  order of an inch,  
appeared t o  be uniform 
throughout the mine, except 
near  the f a u l t  exposures, 
where the  c l e a t  was more 
c lose ly  spaced. The most 
FIGURE 6. - Surface ioint data above the Marianna s i g n i f i c a n t  geologic 
No. 58 mine. f ea tu res  of the  mine were 
the  f a u l t  exposures ( f i g .  7) .  
They a r e  low-angle t h r u s t  f a u l t s  which o f f s e t  t h e  coa l  only a few f e e t  along 
the  f a u l t  plane ( f i g .  8). They a f fec ted  both coal  and roof rock, but  d id  not  
appear t o  d i s t u r b  the  f l o o r  rock. These f a u l t s  a r e  not  the  r e s u l t  of s e d i -  
mentary slumping. They occur a t  regular  i n t e r v a l s  and can be t raced  t o  the 
surface.  When encountered by mining, the  f a u l t  zones emit ted l a rge  q u a n t i t i e s  
of gas and water. There i s  i n s u f f i c i e n t  evidence t o  conclude t h a t  a l l  t he  
f a u l t s  observed were l a t e r a l l y  connected. It i s  more probable t h a t  they were 
a group of small t h r u s t  f a u l t s  occurr ing wi th in  a narrow t h r u s t  zone. 
Aer ia l  photographs were analyzed f o r  l i n e a r s .  Two groups were i d e n t i f i e d ,  
N47"E t o  N65OE and N25"W t o  N56OW, and i n t e r p r e t e d  a s  the regional  j o i n t  
pa t t e rn .  I n  add i t ion ,  poorly developed groups of l i n e a r s  s t r i k i n g  N13"W t o  
NOSOEwerepresent l o c a l l y  i n  500-foot-wide bands a t  6,000-to 7,000-foot 
i n t e r v a l s .  The f i r s t  of these  l i e s  about 2,000 f e e t  west of t h e  f a u l t  
encountered i n  the  West Mains. This may be the  sur face  expression of the  
underground f a u l t .  I f  so,  then add i t iona l  f a u l t s  or  water zones could be 
expected a s  mine workings progress f u r t h e r  t o  t h e  west. 
A s t r u c t u r e  map ( f i g .  9) of the  base of the  Upper Freeport seam, drawn 
from corehole da ta ,  shows a sync l ina l  s t r u c t u r e  with ax i s  bearing approxi-  
mately N30°E and passing through the  easternmost s e c t i o n  of the  mine. The 
l a r g e s t  p a r t  of t h e  mine workings and reserves  l i e s  i n  the western limb of 
the  syncl ine.  The d a t a  poin ts  were too  widely spaced t o  determine more than 
the  gross s t r u c t u r e  of t h i s  a rea .  
The core  logs were s tudied  with p a r t i c u l a r  a t t e n t i o n  t o  the  t r a n s i t i o n  
zone between the  t h i c k  and normal Upper Freeport  coal .  The th ick  coal  i s  e a s t  
of the t r a n s i t i o n  zone. This loca l  thickening,  l imi t ed  i n  ex ten t ,  i s  due t o  
deposi t ion.  The th i ck  Freeport coal  i s  s p l i t  from the  main coal  by a wedge of 
sha le  t h a t  thickens t o  the  southwest. The general  s t r i k e  of the  t r a n s i t i o n  
FIGURE 7. - Fault exposure at Lucerne No. &mine. 
Foultzorte . 
oug h, irregular roof 
FIGURE 8. - Generalized sketch of typical thrust fault exposure at the Lucerne No. 6 mine. 
FIGURE 9. - Structure map drawn on the base of the Upper Freeport coalbed, Lucerne 
No. 6 mine. 
zone is N30°W. This is illustrated by the fence diagram (fig. 10) constructed 
from the core log descriptions of the first 40 feet of rock above the coal. 
Within this interval, sandstone is present throughout almost the entire area. 
This sandstone is separated from the coal locally by shales and sandy shales. 
Its large lateral extension makes it a probable water and gas reservoir. 
Thick sandstone directly overlying coal often exhibits deformations due to 
compaction which appears locally to be thrust faults, but this was not the 
case here. The core logs were examined for records of broken rock, but they 
yielded no pattern indicative of possible fault zones. 
Somerset No. 60 Mine 
The mine is located several miles west of Ellsworth, Pa. It is working 
in the Pittsburgh coalbed and produces 1.5 MM ft3 of gas per day. A geolog- 




The c l e a t  system i s  
orthogonal ; the main 
d i rec t ion  of the c l e a t  i s  
N57"W (face) and N30°E 
(but t ) .  The coal c l e a t s  
a r e  well  developed wi th  
spacing ranging from 1 t o  
6 inches. Mining had been 
p a r a l l e l  t o  the  c l e a t ,  but 
a t  present  i s  45" t o  the  
previous workings which 
gives a more s t a b l e  roof.  
The immediate roof i s  
general ly coal  because a 
sl ickensided claystone 
o r  draw s l a t e ,  general ly 
12 inches o r  less, over- 
lying i n  the  coal ,  is  
removed during mining, 
leaving the  s t a b l e  r i d e r  
coal.  Roof f a l l s  show the  
weak s t r a t a  t o  be e i t h e r  
micaceous sandstone with 
th in ly  interbedded shale ,  or  
a l t e r n a t i n g  coals  and 
sl ickensided claystones. 
The measured rock j o i n t  
o r i en ta t ions  w e r e  be tween 
N57"W and N7S0W, correspond- 
i n g  roughly t o  face c l e a t  
or ienta t ion.  
FIGURE 10. - Fence diagram of strata above the Upper The s t r u c t u r a l  map 
Freeport coal bed, Lucerne No. 6 'mine. of the  a rea ,  based on the 
Pit tsburgh coalbed, shows 
t h a t  mining i s  preceding down the  northwest' f l ank  of the Amity a n t i c l i n e  
towards a syncline ( f ig .  11). Water i s  reportedly accumulating a t  the face 
of e n t r i e s  being driven t o  the  northwest. This condit ion may be expected a s  
long a s  the  e n t r i e s  d ip  i n t o  the  working face. Once they advance on the  a x i s  
of the  syncline,  the  f l o o r  w i l l  d ip  away from the  face and water should no 
longer accumulate there.  
A fence diagram of the  40 f e e t  of s t r a t a  immediately above the  main bench 
of t h e  Pi t t sburgh coalbed ( f ig .  12) i n  the  84 f i e l d  d i r e c t l y  t o  the west of 
the  present  mining was constructed, because of t h e  occurrence of sand channels 
c u t t i n g  out  coal  i n  the  western p a r t  of the  ac t ive  mine workings. The data  
w e r e  taken from the  company core logs.  There was an  abrupt change i n  t h i s  
i n t e r v a l  from north t o  south, with shale  predominating i n  the nor th  and 
sandstone i n  the  south. The abruptness of t h i s  change i s  shown by d r i l l  
holes TH1 and TH2 ( f ig .  13) 
d r i l l e d  620 f e e t  apar t .  The 
change i n  l i thology i s  due 
t o  stream eros ion of s t r a t a  
t h a t  were o r i g i n a l l y  
deposited over the  coalbed 
i n  the same way a s  i n  
the northern p a r t  of the 
area.  Subsequently, sand 
was deposited i n  these 
erosion channels. The 
depth of erosion var ied  
from place t o  place so  
t h a t  t h e  coal  i s  only 
removed loca l ly .  The 
thinner the  i n t e r v a l  
between the  coalbed and 
the overlying sandstone, 
the greater  the p robab i l i ty  
-Contour intervals, 25tt t h a t  eros ion w i l l  a f f e c t  
Mined out the  coalbed. A map based 
on present  d r i l l  hole  data  
shows areas  where cutouts  
may be expected ( f ig .  14). 
Overlying the  main 
bench (mined port ion) of 
the Pi t t sburgh coalbed i s  
an i n t e r v a l  of va r iab le  
thickness composed of 
a l t e r n a t i n g  sl ickensided - 
FIGURE 11. - Structure map drawn on the base of  the claystones and coals  
( f ig .  15). The i n t e r v a l  
Pittsburgh coalbed at Somerset No. 60 has very little strength 
mine. and can f a l l ,  causing gas 
emissions a s  w e l l  a s  haulage 
problems. Most mines prefer  t o  anchor roof b o l t s  i n  the  more competent rock 
above t h i s  i n t e r v a l .  Figure 15 can be used i n  a general way t o  determine the 
minimum length of b o l t  t h a t  would be necessary t o  b o l t  through the  i n t e r v a l  
i n  any given area.  
The geological da ta  from core holes spaced more than 3,000 f e e t  apar t  
a r e  d i f f i c u l t  t o  cor re la te .  More c lose ly  spaced d r i l l i n g  i s  necessary t o  
de l inea te  the  northern l i m i t  of the  sandstone. This zone i s  of p a r t i c u l a r  
importance i n  mining because i t  represents  the  northern l i m i t  of stream 
erosion of the s t r a t a  overlying the  Pit tsburgh coalbed. Zones of abrupt 
l i thology change can a l s o  coincide with a reas  of unstable roof ,  high gas 
emission, and r e l a t e d  mining problems. 
Wild coal interval 
0 Shale 
Coa I 
Scale, f t 
Horizontal 
FIGURE 12. - Fence diagram of strata above the Pittsburgh coalbed, 
Somerset No. 60 mine. 
Federal No. 2 Mine 
The mine i s  located i n  
the Bate l le  d i s t r i c t  of 
Monongalia County, W. Va., 
LEGEND where t h e  Pit tsburgh coa l -  = Shale bed averages 7-112 t o  9 f e e t  
sandy shale thick.  The mine produces an 
sandstone average of 8.1 MM f t 3  of gas 
Cool and Bone per day. The rocks above 
Cool the  coal  a r e  sandstones, 
sandy shale ,  shales ,  l i m e -  
s tones,  and coals .  The 
present  mine ou t l ine  i s  
shown i n  f igure  16. 
T H ' 1 6 2 0  ft-ITH2 
I n  August 1970, a 
geological reconnaissance 
FIGURE 13. - Lithologic change between drill holes and a f rac tu re  survey were 
TH 1 and TH 2. made of the  mine. The company had no topographic 
map- sh-&wing the locat ion of 
the coreholes. The d r i l l e r s '  log  da ta  were p lo t t ed  on an overlay of t h e  
LEGEND 
Key Mop 
FIGURE 14. - Location of possible sand FIGURE 15. - lsopach of the draw slate 
channel washout, Somerset unit above the Pittsburgh 
No. 60 mine. coal bed, Somerset No. 60 
mine. 
Blacksville and Mannington 
15-minute quadrangles, using 
the drillers' location 
descriptions. The surface 
elevatiori for each hole was 
roughly determined from the 
contours on the topographic 
maps .4 
An isopach of the 
interval between the Pitts- 
burgh and Redstone coalbeds 
showed a thinning to the 
southwest; the interval 
thickness ranged from 22 to 
42 feet. 
A structure map 
(fig. 17) shows the axis 
of the Waynesburg syncline 
passing through the western 
extremity of the mine 
property. The Pittsburgh 
coalbed dips generally west- 
northwest towards the axis. 
The Belle Vernon anticline 
and the Whitely syncline are 
well developed northeast of 
the mine area. In the 
Key Map central portion of the mine 
property, there is a local 
FIGURE 16. - Outline of the Federal No. 2 mine. upwarping which interrupts 
the gentle westerly dip. 
Analysis of the cleat data showed uniformity within the present mine 
development. The face cleat strikes N68"W, the butt cleat strikes N22"E, and 
the dip is essentially vertical. A series of slump fractures were observed 
in the East Bleeder, and one clay vein (fig. 16) approximately 150 feet long 
extends from the roof 2 feet into the coalbed near the mouth of the East 
Mains. The slump f~ature may be due to some local channel erosion or to 
differential compaction. Geologically related mining problems are methane 
emissions and roof instability, which go hand-in-hand in many instances. 
Driving north-south tends to develop high gas by intersecting face cleats. 
Roof control problems are probably due to bolting into the incompetent alter- 
nating coals and shales (draw slate interval). 
4The drillers' location descriptions were general, and with the high relief 
in the area, it is possible for elevations to be in error by as much as 
50 feet. 
Key Map 
FIGURE 17. - Structure map drawn on the base of the Pittsburgh coalbed, Federal No. 2 mine. 
Howe Mine 
The mine is located 6 miles south of Poteau, La Flore County, Okla. It 
is on the south side of the Arkoma Basin, which is described as a synclinorium. 
Figure 18 shows the generalized structure of the Lower Hartshorne coalbed and 
the two major structures present in the area--the Howe anticline and Poteau 
syncline--with the cleat orientations. The Hartshorne coalbed consists of an 
upper bench averaging about 32 inches in thickness, below which there is a 
shale parting up to 24 inches thick, followed by several thin layers of 
usually impure coal laminated with black, carbonaceous shale. 
A panel diagram (fig. 19) constructed from core logs of the test holes 
drilled by the company shows that the immediate roof over most of the property 
is sandstone. According to Bureau research, the absence of shale between the 
coal and sandstone greatly increases the probability of sandstone channels. 
The coalbed within the  
mine dips  about 7" i n  a 
nor ther ly  d i rec t ion.  
Locally, d ips  between 2" 
and 12" have been recorded 
wi th in  the  mine. The minor 
apparent folding i s  probably 
due t o  d i f f e r e n t i a l  compac- 
t i o n  between the sands and 
shales  t h a t  forced the Lower 
Hartshorne coal  t o  conform 
t o  the  i r r e g u l a r  shapes of 
the sand channel bottoms, 
where they come i n  contact  
with t h e  coalbed. Where the  
coalbed and sandstone were 
separated by s u f f i c i e n t  
shale ,  the  shale  ac ted  a s  
buffer  and the coalbed was 
not deformed . 
Coal c l e a t  o r i en ta t ions  
were measured throughout the  
mine, a s  were roof and f l o o r  
rock jo in t s .  Orientat ions 
of rock jo in t s  were measured 
a t  surface outcrops. The 
coa l  ( f ig .  18) displayed a 
bimodal face c l e a t  N15OW and 
N2S0W, and a s i n g l e  b u t t  
FIGURE 18. - Structure map drawn on the base of the cleat approximately perpen- 
Lower Hartshorne coal bed, Howe mine. d icu la r  t o  these  a t  N74"E. 
There was only one primary 
j o i n t  d i r e c t i o n  i n  the roof and f l o o r  rocks i n  t h e  mine, N23"W. This i s  
p a r a l l e l  t o  one mode of the  bimodal face  c l e a t .  The surface  rocks have two 
j o i n t  d i rec t ions  approximately 90" apar t ,  N15"W and N72"E. These d i rec t ions  
correspond c l o s e l y  with face and b u t t  c l e a t s  i n  the  Hartshorne coalbed. 
The i n c l i n a t i o n  of the  coalbed makes i t  very d i f f i c u l t  t o  work. Where 
the  coal  i s  over la in  by sandstone, the  bed i s  undulatory s o  t h a t  the  con- 
tinuous miner must be backed up and f l o o r  rock taken t o  obta in  a proper angle 
of a t t ack .  The presence of shale  roof t o  the  w e s t  i nd ica tes  t h a t  the  undula- 
t i o n  of the  coalbed may disappear i n  t h i s  d i rec t ion.  
Water i s  a nuisance but  does not  a f f e c t  production s ign i f i can t ly .  It 
appears t o  en te r  t h e  sands from o lder  mine workings and the  outcrop, and 
migrate down d ip  t o  the  present  .mine-workings. This has been a l l e v i a t e d  by 
pmping out  t h e  abandoned workings up dip. Possibly where the  immediate 
roof i s  s o l i d  shale ,  the  water i n f l u x  w i l l  be less, but  i t  i s  believed t h a t  
anything shor t  of sea l ing  the  roof w i l l  not  e l iminate  the  water. 
LEGEND The Arkoma Basin i s  a 
Sandstone p r o l i f i c  gas producer. 
0 Shale P r a c t i c a l l y  every a n t i -  = Siltstone c l i n a l  s t r u c t u r e  penetrated 
D coot by d r i l l i n g  has produced 
gas from porous and perme - 
ab le  s t r a t a .  This would 
i n d i c a t e  t h a t  the  gas 
problem i n  the  Howe mine 
i s  not  a simple one, and 
Howe i s  a gassy mine. Most 
of t h e  gas appears t o  come 
from the  coal ,  but  there  i s  
occasional bubbling from the  
f loor .  Unti l  de ta i l ed  
measurements can be made, 
both roof and f loor  rocks 
must be considered a s  
poss ib le  gas producers .= 
Beatrice-Pocahontas Mine 
0 1.600 
Horizontal The mine i s  located i n  
Buchanan County, Va., i n  the  
FIGURE 19. Fence diagram of the strata above the gently folded Allegheny 
Pla teau Province, approxi- 
Lower Hartshome coal bed, Howemine. mately miles northeast of 
the  Valley and Ridge 
Province and l e s s  than 15 miles northwest of the  Pine Mountain over thrus t  
block. It i s  operat ing i n  the  Pocahontas No. 3 coalbed and produces an  
average of 13.2 MM f t 3  of methane per day. A geologic survey was conducted 
i n  Apr i l  1973. 
A shear f a u l t  ( f ig .  20) of 2 t o  1 8  f e e t  v e r t i c a l  displacement, but  
unknown hor izonta l  displacement, was encountered w i t h i n t h e  mine, t rending 
northwest-southeast a t  145" and 155" alinement and dipping 60" t o  the  south- 
west. Sl ickensides on the  fau l t ed  rock surfaces  were p a r a l l e l  t o  bedding, 
ind ica t ing  t h a t  the  major movement was hor izon ta l  r a t h e r  than v e r t i c a l .  
Further evidence from surface  exposures, together with da ta  from mine opera- 
t ions  i n  seams above the  Pocahontas No. 3, permitted the  de l inea t ion  of a 
s t r i k e - s l i p  f a u l t  a t  l e a s t  9 miles long. A more d e t a i l e d  study of t h e  area  
using side-looking a i rborne  radar  (SLAR) was done by Elder (1). 
Clea t  measurements showed face  c l e a t  t rending N18"W and b u t t  c l e a t  
t rending N67"E. On the  nor theas t  s i d e  of t h e  f a u l t ,  a r o t a t i o n  of t h e  c l e a t  
( f ig .  21) indica ted  t h a t  t h i s  s i d e  had ac ted  a s  a b u t t r e s s  aga ins t  which 
the  southwest block moved. 
=This survey was made i n  March 1971. This mine has s ince  closed down, but  
the re  i s  a s t rong p o s s i b i l i t y  t h a t  i t  w i l l  reopen i n  1975. 





FIGURE 22. - Structure map drawn on the base of the 
Pocahontas No. 3 coal bed, Beatrice- 
Pocahontas mine. 
According to a structure map (fig. 22), the mine is located on the flank 
of a monocline with a west-southwest dip. A fence diagram (fig. 23) shared 
two possible sandstone channels, one running southeast and the other north- 
east. The one trending southeast has already been encountered in mining and 
did cut out the coal. The one trending northeast has not yet.been reached, 
but it is expected to cause much the same type of problem as the first one. 
0 8.000 
Horizontal 
FIGURE 23. - Fence diagram of the strata above the Pocahontas No. 3 coalbed, 
Eea trice-Pocahon tas mine. 
During the survey, i t  was noted t h a t  washouts occurred with massive sands, 
and a major i ty  of t h e  f a l l s  observed had micaceous sands composing the  f a l l  
un i t .  A map of the  type of sandstone (massive o r  micaceous) found above the  
coa l  ( f i g .  24) should a n t i c i p a t e  such problems and make i t  poss ib le  t o  modify 
mining techniques before problem zones a r e  encountered. 
FIGURE 24. - Nature of sandstone above Pocahontas No. 3 coalbed, Beatrice-Pocahontas 
rnl ne. 
An isopach pap (fig. 25) of the coal thickness was prepared to determine 
if any washouts could be located. A second isopach from the coal to the 
sandstone above (fig. 26) was constructed to determine if the roof falls and 
gas content correlated with proximity to the sands and as an additional aid 
in locating washouts and channels. 
Finally an overburden isopach (fig. 27) was drawn to verify a Bureau 
of Mines theory that relates the amount of gas to the thickness of the 
overburden. 
FIGURE 25. - lsopach of Pocahontas No. 3 coal bed (inches), Beatrice-Pocahontas mine. 
-no* Contour intervals / 
0 10.000 0 10,000 - Scale, f t 
FIGURE 26. - lsopach of interval between FIGURE 27. - Overburden isopach map of 
Pocahontas No. 3 coalbed interval from Pocahontas 
a n d  s a n d s t o n e  a b o v e  No. 3 coal bed to surface, 
Beatrice-Pocahon tas mine. Beatrice-Pocahontas mi ne. 
S UMMARY 
The knowledge gained from geologic investigations of mines can help 
control many underground problems. It is of primary importance for the 
coal companies to have accurate core logs from closely spaced drill holes. 
A grid system with not more than 3,000-foot centers, and preferably with 
2,000-foot centers, is recommended for obtaining useful geologic information. 
Basic to the investigation of the various types of mining problems 
encountered is the construction of geologic maps and fence diagrams. They 
can help predict areas of probable roof instability and trends of sandstone 
channels that may cut through the coalbed. 
Clay veins can be mapped in underground surveys and their trends 
predicted into future areas of mining. Predicting trends of clay veins has 
been somewhat less successful than predicting sandstone channels. 
The sources of water accumulations can be evaluated for possible 
geologic influence. Fault zones and roof ftacturing have been shown to 
induce the production of water, as well as gas, into a mine. 
A d e t a i l e d  j o i n t  p a t t e r n  of t h e  a r e a  above a  mine can be e s t ab l i shed  
and i t s  r e l a t i o n s h i p  t o  coa l  c l e a t  d i r e c t i o n  and roof f r a c t u r e s  underground 
evaluated.  Excessive s p a l l i n g  o f  r i b s  when mining i s  with the  c l e a t  d i r e c -  
t i o n  can sometimes be co r rec t ed  by a  45' r o t a t i o n  i n  t h e  mining d i r e c t i o n .  
Jo in t  information can a l s o  be of b e n e f i t  when d e g a s i f i c a t i o n  w e l l s  a r e  
planned f o r  v i r g i n  coa l  a reas .  Local dev ia t ions  i n  t h e  j o i n t  and c l e a t  
d i r e c t i o n s  can be an i n d i c a t o r  of geologic i r r e g u l a r i t i e s  t h a t  might adversely 
a f f e c t  mining condi t ions  underground. 
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GLOSSARY OF TERMS 
Ant ic l ine :  A fo ld  t h a t  i s  convex upward or  had such an a t t i t u d e  a t  some s t age  
of development. 
Axis: A s t r a i g h t  l i n e ,  r e a l  o r  imaginary, passing through a body o r  system 
around which the  p a r t s  a r e  syrmnetrically arranged. 
Bimodal: A frequency d i s t r i b u t i o n  charac ter ized  by two loca l i zed  modes, each 
having a h igher  frequency of occurrence than o ther  immediately adjacent  
ind iv idua l s  o r  c l a s s e s .  
Butt c l e a t :  A s h o r t ,  poorly defined cleavage plane i n  a coalbed, usua l ly  
or iented  a t  r i g h t  angles t o  the  face  c l e a t  and sometimes terminat ing 
aga ins t  i t .  
But t ress :  A p a r t  of the  rock near  a f a u l t  along which no movement has 
occurred. The movement has taken p lace  aga ins t  t h i s  wal l .  
Clay ve in :  A body of c l ay ,  usual ly  roughly t abu la r  i n  form l i k e  an ore  ve in ,  
which f i l l s  a c rev ice  i n  a coa l  seam. It i s  bel ieved t o  originatel  where 
pressure  has been s u f f i c i e n t  t o  f o r c e c l a y  from the  roof o r  f l o o r  i n t o  small 
f i s s u r e s  and i n  many cases  t o  a l t e r  and enlarge  them. 
Coal c l e a t :  A j o i n t  o r  system of j o i n t s  along which the  coal  f r ac tu res .  
There a r e  usua l ly  two c l e a t  systems developed perpendicular  t o  each o ther .  
Draw s l a t e :  Sof t  sha le  t h a t  occurs above a coalbed and co l l apses  a f t e r  the  
removal of the  coal .  
D i f f e r e n t i a l  compaction: The r e l a t i v e  change i n  thickness of mud and sand 
(or  limestone) a f t e r  b u r i a l  due t o  reduct ion  i n  pore space. 
Dip: The angle  a t  which a s t ra tum o r  any p lanar  f ea tu re  i s  inc l ined  from 
the  hor i zon ta l .  The d ip  i s  a t  a r i g h t  angle t o  the  s t r i k e .  
Face c l e a t :  A well-defined j o i n t  o r  cleavage plane i n  a coal  seam. The 
major j o i n t  i n  a coal  seam. 
Faul t :  A f r a c t u r e  o r  f r a c t u r e  zone along which t h e r e  has been displacement 
of t h e  s i d e s  r e l a t i v e  t o  one another  p a r a l l e l  t o  the f r a c t u r e .  
Fence diagram: A diagram t h a t  i s  a drawing i n  perspect ive  of th ree  o r  more 
geologic sec t ions  with t h e i r  r e l a t i o n s h i p  t o  one another  ( a l so  c a l l e d  
panel diagram). 
Isopach map: A map t h a t  shows the  varying of the  i n t e r v a l  ( th ickness)  between 
two designated s t r a t i g r a p h i c  u n i t s  o r  horizons;  f o r  example, a map prepared 
d i r e c t l y  from two s t ruc ture-contour  maps by sub t rac t ing  the  e l eva t ions  of 
the  lower su r face  from those of the  upper sur face  a t  each con t ro l  po in t  and 
drawing contours of equal  i n t e r v a l  between the  two surface .  
Join ts :  Frac ture  i n  rock, genera l ly  more o r  l e s s  v e r t i c a l  o r  t r ansve r se  t o  
bedding, along which no apprec iable  movement has occurred. 
Linears:  A s t r a i g h t  o r  gent ly  curved physiographic f e a t u r e  on the  e a r t h ' s  
su r f  ace. 
L i tho fac ie  map: A map t h a t  i s  based on l i t h o l o g i c  a t t r i b u t e s ,  showing 
v a r i a t i o n  i n  the  o v e r a l l  l i t h o l o g i c  cha rac te r  of a given s t r a t i g r a p h i c  
u n i t .  The map may emphasize the  dominant, average, o r  s p e c i f i c  l i t h o l o g i c  
a spec t  of the  u n i t ,  and i t  gives information on the  changing composition 
of t h e  u n i t  throughout i t s  geographic ex ten t .  
Li thologic  frequency map: A map t h a t  shows t h e  number of rock types o r  the  
frequency of times t h a t  d i f f e r e n t  rock types occur i n  a given v e r t i c a l  
sequence over a given hor i zon ta l  d is tance .  
Monocline: S t r a t a  t h a t  d ip  f o r  an i n d e f i n i t e  o r  unknown length  i n  one 
d i r e c t i o n ,  and which do not  apparently extend from s i d e s  of a sce r t a ined  
a n t i c l i n e s  o r  syncl ines .  
Orthogonal: A combining form meaning s t r a i g h t ,  a t  r i g h t  angles.  
Percent  map: A map t h a t  dep ic t s  the  r e l a t i v e  amount ( thickness)  of a s i n g l e  
rock type i n  a given s t r a t i g r a p h i c  u n i t  a s  a percent  of the  t o t a l  rocks i n  
t h a t  v e r t i c a l  i n t e r v a l .  
Rider coal :  A t h i n  unminable coa l  found c lose ly  above a t h i c k e r  minable 
coalbed. Normally only a few inches  th i ck .  
Sandstone channel: A sandstone body t h a t  ranges i n  th ickness  from seve ra l  
inches  t o  many f e e t  and i n  length  up t o  seve ra l  miles and t h a t  c u t s  ac ross  
s t r u c t u r e  and bedding of t h e  enclosing rocks. Also c a l l e d  a c l a s t i c  dike. 
Shear f a u l t :  A f r a c t u r e  t h a t  r e s u l t s  from s t r e s s e s  which tend t o  shear  one 
p a r t  of a specimen p a s t  the  adjacent  p a r t .  
S l ickens ide :  Polished and s t r i a t e d  (scratched) su r face  t h a t  r e s u l t s  from 
f r i c t i o n  along a plane. The movement can be very  s l i g h t .  
Spa l l ing  of r i b s :  Re la t ive ly  t h i n ,  commonly curved and sharp-edged, p iece  
of rock (coal)  produced by weathering. 
S t r ike :  The course o r  bear ing  of t h e  outcrop of an i n c l i n e d  bed o r  s t r u c t u r e  
on a l e v e l  sur face .  It i s  perpendicular  t o  t h e  d i r e c t i o n  of the  d ip .  
(Also, t he  bear ing  of a ho r i zon ta l  t r a c e  on t h e  bedding plane.) 
S t r u c t u r e  contour map: A map t h a t  po r t r ays  the  subsurface conf igura t ion  of 
s t r u c t u r e  of a u n i t  by means of contour l i n e s .  
Syncline: A f o l d  i n  rocks i n  which t h e  s t r a t a  d i p  inwafd from both s i d e s  
toward t h e  ax i s .  
Synclinorium: A broad regional syncline on which are superimposed minor 
folds . 
Thrust fault: A reverse fault that is characterized by a low angle of 
inclination with reference to a horizontal plane. 
Washout: A channel cut into or through a coal seam at some time during or 
after the formation of the seam, and generally filled with sandstone. 
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